Supplementary Figures
. The process of the nucleation and growth of BP crystalline nanofilms. The tubes, enclosed with Si/Au (thickness ≦100 nm) and precursors including Red P (RP), Sn, SnI 4 , were placed horizontally in the heating zone of a quartz tube furnace. The schematic diagram for the growth process of the BP nanofilms is shown as Fig. S1 and described as following: First, the furnace was heated to 750 °C, RP evaporated and transferred into P 4 phase, while SnI 4 decomposed to Sn and I 2 . After holding at 750 °C for 1 hour the furnace was cooled to 500 °C, at which stage Au film and excessive red P and Sn form into distributed Au 3 SnP 7 nano-islands on silicon, which play the critical role of nucleation and growth of BP. When holding at 500 °C, the P 4 molecules transform to six-membered P ring alone the (010) plane in Au 3 SnP 7 , representing the nucleation of BP. With the further decreasing of the temperature, P 4 fully condensed and transformed to BP, spatially growing along the nuclei on substrates. Distributed BP nanosheets will be gradually formed on Si substrates and finally fuse across with each other to be large BP nanofilms. 
Supplementary
where L and W are the length and width of the FET channel, respectively, c i =ε 0 ε/d is the capacitance per unit area between BP and the silicon substrate, where ε 0 = 8.854×10 −12 fm −1 is the permittivity of vacuum, ε = 3.9 is the relative dielectric constant of SiO 2 , d=285 nm is the thickness of the SiO 2 layer, dI ds /dV g represents the maximum slope extracted from the linear region of transfer characteristic.
The Hall mobility is obtained from
Where L and W are the length and width of the channel, G is the BP sheet conductance, e is the charge of an electron and n is the carrier density.
Supplementary Note 2
Calculation of photoresponsivity and photoconductive gain: The photoresponsivity (R) and photoconductive gain (G) are two critical parameters to evaluate the photodetector performance. R is defined as the photocurrent excited by per unit power of excitation light on the effective area of a photodetector 3 :
where I ph = I laser on − I laser off , I laser on is the photocurrent exited by the incident light, I laseroff is the current without illumination, P d is the effective power on the device, where P d = P in (S device /S spot ), P in is the total laser power, S device is the area of the device, and S spot is the area of the laser spot.
Photoconductive gain is calculated by 4 :
where P abs is the absorbed power and hν is the photon energy. For BP thicknesses above 10 nm, the absorption coefficient α(cm −1 ) is a constant. In this experiment, the absorption of the BP layer was calculated to be ∼12% according to the Lambert−Beer's law:
A(ω)=1-e -α(ω)Δz (5)
where A(ω) is the material absorption, ωis the light frequency, andΔz represents the thickness of the flake.
